European beech (Fagus sylvatica L.) timber value is high in southern Europe due to a great demand from Asia. Since the timber market is global, over a long time we can expect gradual increase in demand also in other countries, including Latvia, where climatic conditions becomes increasingly more suitable for this species due to ongoing climatic changes. In order to develop recommendation for the use of beech in our country, the aim of the study was to assess the potential financial gain from Fagus sylvatica stands in Latvia. Assortment structure, defined by topdiameter and length, as well as their prices was set based on the literature survey. Results showed higher income from older (115 years) than form younger (58 years) stands: 9108 EUR ha -1 , and 7939 EUR ha -1 , respectively. However, the opposite was true for the net present value (r = 3%): 1423 EUR ha -1 and 304 EUR ha -1 , respectively.
Introduction
European beech (Fagus sylvatica L.) is one of the most widespread broadleaved tree species in central and western part of Europe. In the middle of the 19 th century, European beech was introduced in Latvia.
Here beech trees grow in isolated areas outside of their natural distribution range (Puriņa et al., 2013) . Climate envelope models suggest a significant shift of species distribution areas already by the end of this century (Hickler et al., 2012) and the conditions also in our country will become more favourable for European beech. However, due to slow natural migration and overwhelming human influence on forest ecosystem, beech might become more widespread in Latvia only in case if strategic decision of its wider use will be implemented. Such decision requires a sound basis, including analysis of potential financial viability as well as risks.
A number of studies so far have demonstrated a positive influence of already ongoing climatic changes on growth of trees in Latvia (Jansons et al., 2013a (Jansons et al., , 2013b 2015a , 2016a ; Rieksts-Riekstins et al., 2014). Climate-growth relationships for beech seem to be similar to native tree species, e.g. Scots pine (Jansons et al., 2016b) , suggesting improvements also in growth of this tree species.
Beech wood market had been unstable in Europe; however, during last decade increasing tendencies had been observed due to export of its logs and saw-timber to Asia (Pöhler et al., 2005) . The wood is highly appreciated for use in furniture, floorings as well as for plywood, veneering and pulp (von Wühlisch, 2011 ). Timber quality and value of beech trees depend on the tree traits and stand characteristics, site conditions and forest management (Poljanec et al., 2010) . One of the most important traits determining assortment structure is branchiness (Haapanen et al., 1997; Puriņa et al., 2014) . Also colour of beech wood important factors determining the price of the log (Pöhler et al., 2005 (Johansson, 2005) . Hillis (1987) indicated that the proportion of the false heartwood significantly increases with the tree age. Optimal harvesting age for beech is 80 -120 years (von Wühlisch, 2008) and value increases significantly with the dimensions of the tree (Poljanec & Kadunc, 2013) . The aim of the study was to assess the potential financial gain from Fagus sylvatica stands in Latvia.
Materials and Methods
The study was done in European beech stands, located in the western part of Latvia, near to Skede (57°14' N; 22°39' E). Data from six repeatedly measured permanent sample plots (0.10 -0.45 ha) in Oxalidosa forest type with beech as dominant tree species (Tab. 1) were used. Measurements of individual tree height and DBH 1.3m at different age were used to calculate assortment classes. Assortment outcome forecast was made using Donis (2009) improved Ozoliņš (2002) designed assortment algorithm.
Trees were divided into five assortment classes by their diameter according to Poljanec and Kadunc (2013), as described in Table 2 . Analysis of economic value of experimental beech stands was based on beech wood prices used in Slovakia where beech is one of the tree species with great economically importance (Sisák, 2013) . Experimental stands were joined into three groups according to their age: 1) 58, 2) 101, and 3) 115 years (including one stand, hat was measured also at the age of 110 years).
Results and Discussion
Three age groups of European beech (Fagus sylvatica L.) were analyzed in the study, to determine financial value of timber base on potential assortment structure (Tab. 2). For comparison National Forest Inventory (NFI) data on the most widespread broadleaved tree species in Latvia -birch (Betula pendula and Betula pubescens) were used. Its dimensions in stand on fertile mineral soils with Līga Puriņa, Andrejs Dreimanis, Annija Kārkliņa, Linards Sisenis, Andis Adamovičs, Mārtiņš Puriņš 3) . Also proportion of sawlog II assortments, presented in oldest stands (101 and 115 years) was small: 6% to 9%, respectively. Proportion of saw-logs III assortment in the oldest stands ranged from 25% to 48%, consequently three times lower portion of firewood was obtained than in younger (58 years) stands.
Calculated income from beech stands changed with its age: at the age of 58 years income from sales of timber assortments was 7939 EUR ha -1 , at the age of 101 years (only 33m 3 more) -8513 EUR ha -1 , but at the age of 115 years -9108 EUR ha -1 . It is worth reminding, that incomes from potential commercial thinnings are not included in the analysis. Reverse trend was observed for the net present value changes with stand age -it was highest for youngest stands. It can at least partly be explained by absence of assortments of highest value in oldest stands.
Such assortment was present, if the dimensions used for the broadleaved tree wood assortment in Latvia currently were applied. In this case at the age of 58 years 96% of the timber was sawlogs III (diameter at the top end 18-20 cm). Most of the trees reached the broadleaved saw-log dimensions at the age of 101 and 115 years: 44 to 54 % of first and second class sawlogs, respectively.
Comparison of the timber value in birch and beech stand, considering the dimensions and volume as well as price differences, reveal, that financial value of beech stands at the age of 58 years is notably higher than that of birch stands. However, for neither of the tree species in our calculations the optimal management had been applied. Recent study in Latvia (not published) found, that in birch stand with low initial spacing financial value as high as 9900 EUR ha -1 can be reached already at the age of 40 years. Valkonen & Valsta (2001) created birch economical models by cost and returns in mixed stands with spruce (no discounted value), and average net return varied from 1400 to 1900 EUR ha -1 . Considering the assortment structure Tullus et al. (2012) modeled, that at the age of 60 years on abandoned agricultural land in Estonia most of birch wood would be pulpwood (46 -49%), but in older stands playwood and energy-wood. It indicates, that for birch at the age of 58 years, similarly to beech in oldest stands in our assessment, the dimensions are still too small (sub-optimal) for final harvest, if the largest income in this operation is the goal.
In our study according to broadleaved tree dimensions, most of the assortments in beech stand at the age 58 were saw-logs III, that would represent a notably higher value than a pulpwood, suggesting a financial reason for use of this tree species in Latvia.
Net present value with interest rate of 3% in birch stands in Estonia was 1064 -1104 EUR ha -1 (Tullus et al., 2012; Niskanen; 1999) . In Latvia, Dudelis (2013) assessed the financial value of birch stands at the age of 60, 80 and 100 years. At the discount rate 3 % the author achieved the values of 441, 532, 619 EUR ha -1 , respectively. The estimates are comparable to those for beech stands in our study. In both cases value of admixture of other tree species in stand or branch quality were not considered. It has to be noted, that also possibility of occurrence of red heartwood for beech was not considered. It can significantly affect the financial value of beech timber. Richter (2001) found, that in North Rhine-Westphalia value loss of beech timber due to red heartwood reached as much 5.1 million EUR. Tree breeding might be required to avoid or improve quality traits as it has been demonstrated for other tree species in Latvia (Jansons et al., 2006 (Jansons et al., , 2015b Jansons, 2008) .
Large dimensions are required for beech to obtain the highest financial gain; the value is increasing until the diameter of the trees reaches approximately 60 cm. However, it is not reasonable to wait much longer, since the probability of formation of read heartwood for such large trees is high and the accumulated value can be lost (Poljanec & Kadunc, 2013 -3 ) ; however, such result might be influenced by different management regimeshigher initial stand density and thus larger amount of firewood obtained from the beech stands.
Conclusions
Mean height and breast height diameter of beech at the age of 58 years were similar to birch in fertile soils, but basal area and yield were notably higher. Monetary value of beech stand at the age of 101 year reached 8513 EUR ha -1 , but net present value (r = 3%) was 430 EUR ha -1 ; if the beech wood would have to be sold as broadleaved saw timber its value at the same age would be notably lower: 6592 EUR ha -1 , but net present value 333 EUR ha -1 .
